. The downsizing process is shown by the first four boxes in the figure.
The SSME, along with the orbiter SSME, provides the additional thrust needed for low speed acceleration before ramjet operational speed is reached. Propellant is cross fed from the booster to the orbiter during the boost phase. The operating schedule of the propulsion system during booster operation is shown in Figure 6 . Staging occurs at Mach 8. The orbiter SSME is not shut down after the ramjets are fully operational, even though that would be more efficient, because the engine does not have a restart capability.
Wind tunnel models of the booster and orbiter were fabricated and tested from subsonic Mach numbers to Mach 8. The models were tested both in a mated condition and separately. Although the models were designed to perform separation tests, these were never accomplished due to lack of funds.
Despite the inability to do the separation tests, the wind tunnel tests did prove the soundness of the aerodynamic design and the feasibility of flying the booster with the open cavity on the underside after orbiter separation. Figure 7 . The downsizing process is shown by the first four boxes in the figure.
A New Mission
Since the use of a rocket during the boost phase was undesirable, the ramjets would be the only source of propulsion during the high speed portion of the flight and, therefore, would have to operate at 3 full power in a high dynamic pressure environment.
It was felt that Mach 6.5 would be an upper limit for a practical conventional ramjet under these more severe temperature and pressure conditions. The first step in the downsizing process was to reduce the staging Mach number to 6.5. The propulsion system remained the same in this step. As would be expected, the GLOW increased. Next, the turbine engine size was increased, the booster rocket engine was removed and the orbiter rocket was not fired. This new propulsion system schedule is shown in Figure  8 . This exclusively air-breathing booster propulsion system design resulted in a 29% reduction of GLOW, as shown in Figure  7 . Figure 7 . The weight included a conservative 20% booster growth margin and a 10% second stage growth margin based on stage empty weight.
A larger growth margin was included in the booster weight to account for the additional uncertainties in estimating the weight of the air-breathing propulsion system.
The interim
Beta II booster is depicted in Figure  9 . The general shape of Beta I was retained at this point. The orbiter, which had a gross weight of 345,000 lbs., is depicted in Figure 10 . The orbiter was changed to a wingbody configuration because of the higher structural efficiency of this type of airframe as opposed to the original lifting body design. Structural efficiency is more important in the smaller Beta II orbiter and NASA did not have the high cross range requirements of the Air Force.
The SSME rocket engine propulsion system was retained for the orbiter.
The interim Beta II propulsion system is shown in Figure  11 . It was an over/under design consisting of 5 HSCT turbine engines mounted below a ramjet duct. Since turbine engines of a fixed size were being used, enough engines had to be installed to overcome transonic drag. Figure  12 show the improvement in L/D that resulted from this effort.
A variable capture area inlet was incorporated into the propulsion system to further reduce transonic spillage drag. The capture area is at a minimum during transonic flight and opens to full capture at about Mach 4 and above. Figure  13 depicts the minimum and maximum capture area positions of the inlet. The upper surface of the nacelle is included in the vehicle aerodynamics. Therefore, when the capture area vanes the vehicle drag also varies, as can be seen in Figure  12 by comparing the curves labeled Fixed Inlet Beta II and Final Beta Ii.
Although the vehicle drag increases in the transonic region, it is more than compensated for by the reduction in inlet spillage drag and the net effect is a positive one. The benefit of the variable capture inlet can be seen in Figure  14 .
The shorter acceleration time for the variable inlet vehicle results in less fuel usage and therefore a lighter vehicle. The variable capture inlet also removed the requirement for the large bypass duct so that a more conventional over/under layout of turbine engines on top and ramjet on bottom could be used as depicted in Figure 13 . Figure 7 . The current Beta II booster design is shown in Figure 15 . The reduction in staging Mach number resulted in an orbiter weight growth to 400,000 lbs. and an increase in _' from 0.811 to 0.827. Figure 16 In addition, it is envisioned that payload processing will occur off line from orbiter processing with standard payload interfaces being provided by the orbiter to which all payloads would conform.
An advantage of the two-stage air-breathing booster design is the possibility of performing offset launches.
In this type of launch profile, the booster cruises for up to several hundred miles before going into the launch trajectory; in effect, changing the point of launch relative to the earth's surface. This makes possible one base operations for both polar and easterly launches from the United States, greatly enlarged launch windows and satellite rendezvous within one and one-half orbits.2 One base operation from Kennedy Space Center can be accomplished by using the offset launch capability to perform polar launches, see Figure  17 . The vehicle would takeoff from Kennedy, fly a subsonic cruise across Florida a.nd then turn south in the Gulf Of Mexico to go into the polar launch trajectory.
The orbiter is essentially at orbital flight conditions before encountering any land mass and the booster can complete its turn for the return flight to Kennedy within the confines of the Gulf.
Another key aspect to Beta's cost effectiveness is its versatility. Once the booster is developed, it would be capable of carrying other types of payloads besides the orbiter. Some possibilities are shown in Figure 18 . 
